interface in which experts and citizen scientists can review, edit and approve these predicted 1 3 1 range maps. The main features of the tool are described below. In the first stage of GreenMaps, I generated the base maps of predicted species' 1 3 3 distributions for citizen science validation. To this end, I obtained occurrence records from 1 3 4 specimen records, online repositories (e.g. iNaturalist, GBIF, iDigBio, records from the primary 1 3 5 literature, and personal observations). These records were thoroughly cleaned to reconcile old 1 3 6 names/synonyms to current taxon concepts e.g. The Plant List (www.theplantlist.org), and/or to 1 3 7 remove duplicates and records with doubtful or imprecise localities (e.g. points in the sea and points were used in addition to the cleaned dataset as inputs for the species distribution 1 4 5 modelling ( Fig. 1) .
In a second step, I imposed two stringent spatial filters to restrict the area of species to 1 4 7 their known native ranges and to prevent erroneous records and predictions in areas that might 1 4 8 contain suitable habitat but are not occupied by a species. 1) APGfamilyGeo: I bounded every The algorithm MaxEnt (Phillips et al. 2006 ) was used as the basis for modeling the 1 7 1 distributions of plants not only because it works with presence-only data but it is effective and 1 7 2 sensitive to differences in modelling settings and can accommodate large datasets that span Seifert 2011). MaxEnt estimates a species' probability distribution that has maximum entropy, of a modeled range map (stored in raster format at grid cell resolution of 0.5 degree equivalent to 1 8 4 50 km) and the observed point occurrences ( Fig. 1) . A modeled range map resembles a species' 1 8 5 fundamental niche, its environmental suitability, its likelihood of being collected, and its native 1 8 6 range area of occupancy as known from its family's expert drawn geographic range (Heywood have been generated and are available at a resolution of 0.5° × 0.5° (Fig. 2) , making it the largest 1 9 0 and only global assessment of geographic distributions for plants at the species-level. Based on 1 9 1 these base maps alone, I found that the geographic distribution of plant species is very uneven, 1 9 2 with higher diversity in the tropics peaking in Amazonia, Andes, southern Africa, Madagascar, Himalaya-Hengduan mountains, Southeast Asia, Southern Europe and Central America, lending strong support and power to the modeled distributions. For example, my modeled maps (stored in CSV format), displays the locations of the georeferenced occurrence of a species 2 0 0 following data cleaning. A third layer of GreenMaps archive data corresponds to map of 2 0 1 geographic biases in botanical sampling density. Here, I used the observed occurrence points to 2 0 2 map geographic biases in sampling density (Fig. 1) , defined as grid cells of excessive (hotspots) majority of the missing species will likely already be rare, since a local distribution is one of the 2 1 5 major determinants in their escaping detection so far; and 2) the implementation of citizen-2 1 6 defined maps to ensure that the modeled range maps are technically valid and representative of 2 1 7 the species native range area. Because the raw point occurrences for most plant species are too 2 1 8 few for estimating robust species distribution models or generating geographic range maps access to an interactive mode that allows them to edit maps via a mobile app or web browser. In 2 2 4 this mode, volunteers can exclusively choose species of interest based on specific traits and 2 2 5 change the mapping parameters using pencil and eraser tools. For example, volunteers can 2 2 6 explore which trees are common in an area, which species are succulent, herbs, or epiphytes; or 2 2 7 by taxonomic group such as ferns, gymnosperms, monocots, orchids, grasses etc. Since almost 2 2 8 any information can nowadays be geoTagged with appropriate geographic location (Goodchild pictures, recordings, and DNA sequences, upload them and metadata will be populated 2 3 1 automatically.
3 2
Another promising feature of GreenMaps is that users can validate the occurrence of a Texas, USA, with areas of high predicted plant species richness in the southwest running from 2 3 7
Nuevo Laredo in Mexico to Big Bend National Park Texas (Fig. 3a) . When I weighted each grid Texas is non-random, but clustered around big cities such as Austin, San Antonio, Houston, Dallas and Corpus Christi (Fig. 3b) . Indeed, only 25.5% (2023 out of 7924) of observed species 2 4 2 distributions overlap the geographic ranges of species modeled by GreenMaps ( Fig. 3c) . This 2 4 3 overlap increased to 67.7% when assessed at the family level, with 12-42% of families unique to 2 4 4 1 2 either modeled distributions or observations ( Fig. 3d) . Thus, more observations are required in 2 4 5 places that are under-sampled, but predicted to have more diversity. Using rarefaction, the 2 4 6 observed occurrences did not fully predict plant species diversity in Texas (Fig. 3e) repositories such as the GBIF and iNaturalist. The products from GreenMaps will not only address the Wallacean shortfall for plants, but offer along global, regional and local scales at country level (Fig. 5) . In a global setting, the key plant Amazonia, southern Africa, Madagascar, Himalaya-Hengduan mountains, and southeast Asia 2 7 9 ( Fig. 5a) . At the continental scale, hotspots of species endemism were less spatially clumped and 2 8 0 more dispersed into new locations including Western Europe, Southeast Asia, and Southwestern 2 8 1 Australia (Fig. 5b) . In parallel, some regions which emerged hotspots at the global scale (Fig. 5b) . At the national scale, spatial patterns of species endemism became more 2 8 4 widespread across countries, clustering more at the political borders of countries (Fig. 5c) . Thus, 2 8 5 these data can provide relevant natural history information at the evaluated scale (global, 2 8 6 continental, country or biome), highlighting regions where conservation measures will have the 2 8 7 most impact. As a next step, the detailed range maps can be paired with a supertree for all the captures additional information that can facilitate more informed conservation decisions. species richness gradients are controlled by differences in speciation, extinction and migration -3 1 0 perhaps because species at higher elevations tend to have lower speciation rates or higher Other outstanding questions remain: 1) What are the effects of reduced area and Two common challenges of citizen science campaigns include attracting and retaining a wide 3 3 0 range of volunteers from all over the world, and ensuring that good quality data is generated (regarding natural history, rarity, endemism), and quizzes, to incentivize volunteer participation. GreenMaps archive data is designed with an in-built system that allows participants to learn 3 3 5 about centers of high conservation potential near their locality in real-time e.g. centers of 3 3 6 1 6 endemism ( Fig. 5) or identify regions of sampling bias in botanical collecting (see Fig. 1 ). Areas oversampled, but make effective use of their efforts, and allows them to see where botanical 3 4 5
sampling data alone disagree with the predicted range maps of plant species. In the short-term, 3 4 6 these approaches can lead to stronger appreciation of data as scientific output.
4 7
Mobile learning is another way to incentivize student participation in the GreenMaps 3 4 8
campaign as it has the potential to extend education beyond the traditional classroom (Hlodan 3 4 9 2010). In the short-term, biology quizzes and game elements such as those used for most 3 5 0
computer games e.g. Pokemon, could be added to GreenMaps to make participation more 3 5 1 engaging. The long-term goals will be that such approach can improve student appreciation of 3 5 2 natural history and can potentially lead to more interest in considering a career in biodiversity 3 5 3 science.
3 5 4
Ensuring good quality data is crucial. I propose to implement a feature in a similar way to 3 5 5
Amazon star ratings that allows entries to be monitored by volunteers through votes and comments by anyone who disagrees with them or filter out records with low star ratings (see 1). The data generated will be publically available and serve as a useful resource for science (e.g.
3 5 8 biogeography) and conservation managers. Elliott, Emily Meineke for valuable comments and discussion during the early formation of this 3 7 9
paper. My appreciation goes to Texas A&M University-Corpus Christi for logistic support. Kaschner K., Rius-Barile J., Kesner-Reyes K., Garilao C., Kullander S.O., Rees T., Froese R. Loreau M., Naeem S., Inchausti P., Bengtsson J., Grime J.P., Hector A., Hooper D.U., Huston 
